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Annual  Progress  Report  -  During  the  past  year  we  have  published  the  study  of  patients 
undergoing  major  cardiovascular  surgery  reported  in  the  previous  progress  report 
(see  attached  reprint).  Among  these  major  surgical  patients,  anergy  and  suppressive 
serum  in  the  postoperative  period  were  significantly  associated  with  postoperative 
infectious  complications  and  with  days  spent  in  the  hospital.  Further  investigation 
of  these  individuals  failed  to  show  that  fraction  11  is  active  in  suppression  of 
cellular  immunity  in  mice  when  injected  iri  vivo.  However,  this  failure  may  be  due  to 
the  extremely  small  quantities  of  fraction  11  available  for  study.  Analysis  of 
fraction  11  by  the  Hoffman  LaRoche  Institute  of  Molecular  Biology  has  indicated  that 
fraction  11  eluted  from  filter  paper  following  high  voltage  electrophoresis  contains  a 
number  of  amino  acids  and  other  impurities  from  the  filter  paper.  When  these  are 
eliminated  by  high  pressure  liquid  chromatography  a  small  amount  of  a  pure  molecular 
species  was  obtained.  Because  of  extremely  small  quantities,  hydrolysis  could  only 
be  performed  once.  This  yielded  one  unique  and  not  previously  identified  amino  acid 
and  several  common  amino  acids. 


During  the  past  year  we  have  continued  to  study  the  serum  of  patients  having  undergone 
major  cardiovascular  surgery  and  the  serum  from  19  burn  patients,  the  majority  of 
whom  had  burns  of  greater  than  35%  of  body  surface  area.  Attempts  to  recover  suppressive 
material  from  these  sera  by  DEAE  cellulose  chromatography  and  gel  filtration  on  G25 
Sephadex  columns,  as  mentioned  in  the  previous  progress  report,  has  consistently  shown 
that  the  majority  of  suppressive  activity  is  contained  in  a  low  molecular  weight 
fraction,  peak  III,  from  G25  Sephadex  columns.  Starting  sera  (in  10%  concentration) 
suppressed  activation  by  PHA  of  normal  human  peripheral  blood  lymphocytes  by  50%  or 
more.  Peak  III  from  such  sera  ordinarily  suppressed  human  lymphocyte  activation  by 
50%  or  more  at  concentrations  of  100  micrograms  per  ml  or  less.  High  voltage  electro¬ 
phoresis  of  Peak  III  from  such  sera,  however,  did  not  consistently  show  the  presence 
of  fraction  11.  This  was  particularly  true  when  burn  sera  were  studied.  While  some 
sera  contained  fraction  11  and  fraction  11  was  consistently  suppressive  of  lymphocyte 
activation  in  vitro  when  present,  activity  was  also  found  in  the  mid  neutral  range  by 
high  voltage  electrophoresis  in  some  sera. 

It  is  clear  that  further  work  will  be  necessary  before  the  homogeneous  molecular 
species  responsible  for  the  suppressive  activity  of  the  heterogeneous  Peak  III  can  be 
identified  and  characterized.  We  are  currently  processing  a  large  serum  pool  from 
12  burn  patients  with  suppressive  sera  in  an  attempt  to  resolve  this  problem. 

During  the  past  year  burn  patients  have  been  the  major  focus  of  our  clinical  studies. 

As  noted  in  last  year's  progress  report  we  had  determined  at  the  beginning  of  this 
year's  contract  support  that  in  10  burn  patients  with  greater  than  30%  body  surface 
burn,  anergy  to  skin  test  antigens  was  correlated  with  the  presence  of  suppressive 
serum  as  defined  by  the  ability  of  the  serum  in  10%  concentration  to  suppress  by  50% 
or  more  the  stimulation  of  normal  human  peripheral  blood  lymphocytes  to  PHA  in  vitro. 

This  correlation  remains  statistically  significant  at  the  conclusion  of  the  present 
research  year  after  the  addition  of  9  more  burn  patients  to  the  study.  It  is  still 
clear,  however,  that  while  not  all  burn  patients  with  suppressive  serum  are  anergic, 
nearly  all  anergic  patients  have  suppressive  serum. 


Serum  immunosuppression  developed  in  16  of  the  19  burn  patients  studied  at  some 
time  during  their  hospitalization  and  13  of  these  patients  developed  a  systemic 
infection.  It  was  not,  however,  possible  to  relate  the  time  of  appearance  of  more 
than  50%  serum  immunosuppressive  activity  with  existing  or  subsequent  infection.  The 
absence  or  presence  of  serum  immunosuppression  at  some  time  in  the  post  burn  course 
did  not  correlate  with  survival  (Table  I).  The  concentration  of  E-rosette  forming 
cells  in  the  peripheral  blood  of  burn  patients  correlated  with  the  presence  of  serum 
immunosuppressive  activity  (  r  =  0.57,  p  =  0.01).  Twelve  patients  demonstrated 
very  low  levels  of  E-rosette  forming  cells  in  the  peripheral  blood  (  mean  =  6.4% 
rosettes)  but  following  6  washes  of  the  peripheral  blood  lymphocyte  population 
the  E-rosette  forming  cell  concentration  rose  to  a  mean  of  16.5%.  This  suggests  that 
some  T  cells  were  inhibited  from  forming  E-rosettes  by  a  loosely  bound  suppressive 
substance.  The  percentage  of  E-rosettes  also  correlated  with  the  PHA  response  of 
the  peripheral  blood  lymphocytes  (  r  =  0.47,  p  =  0.05). 

Most  burn  patients  did  not  demonstrate  an  impaired  response  of  the  peripheral  blood 
lymphocytes  to  PHA  stimulation  iji  vitro .  However,  a  depressed  PHA  response  was 
associated  with  severe  infection  and  high  mortality  (Table  I  and  II).  Four  of  the 
7  patients  who  manifested  this  finding  died.  Conversely,  no  burn  patient  died  with¬ 
out  manifesting  severe  depression  of  the  peripheral  blood  lymphocyte  response  to  PHA. 
The  presence  of  circulating  suppressor  leukocytes  as  evidenced  by  their  ability  to 
suppress  the  response  of  normal  human  lymphocytes  to  PHA  was  studied  serially  in  7 
patients  (27  samples)  and  correlated  with  depression  of  PHA-induced  blastogenesis 
(r  =  0.074,  p  <  0.001). 

These  studies  suggest  that  the  presence  of  circulating  low  molecular  weight  immuno¬ 
suppressive  substances  is  an  almost  invariable  consequence  of  a  major  burn  injury. 
Although  this  circulating  immunosuppressive  material  may  inhibit  host  resistance  to 
infection  many  patients  who  manifest  this  finding  survive.  However,  the  development 
of  50%  or  more  suppression  of  response  of  peripheral  blood  lymphocytes  to  PHA  and 
the  appearance  of  circulating  suppressor  leukocytes  is  associated  with  a  grave 
prognosis.  A  summary  of  this  work  will  be  published  in  the  Surgical  Forum  (reprint 
enclosed).  A  more  complete  report  of  this  work  is  under  preparation. 


Investigations  of  the  biological  effects  of  low  molecular  weight  serum  suppressive 
material  (G25  Sephadex  peak  III)  from  trauma  and  burn  patients  have  been  carried  out 
in  animal  systems.  Peak  III  material  from  burn  patients,  from  normal  individuals 
and  from  patients  who  developed  suppressive  serum  following  aortic  aneurysm  replacement 
was  injected  into  groups  of  10  A/Jax  mice  which  were  tljen  challenged  with  an  LP  25 
dose  of  Listeria  monocytogenes  organisms,  usually  5x10  organisms.  The  peak  III 
from  burn  patients  at  5  mg  per  mouse  induced  a  90%  mortality.  Control  mice  manifested 
a  10%  mortality.  Control  mice  manifested  a  10%  mortality.  Peak  I  from  the  same 
burn  serum  also  yielded  a  10%  mortality,  and  Peak  III  administered  without  Listeria 
did  not  produce  any  mortality.  Similarly,  Peak  III  from  aneurysm  patients  induced 
a  60%  mortality  with  a  control  mortality  of  20%,  Peak  I  from  aneurysm  patients 
induced  a  10%  mortality.  Peak  III  from  pooled  normal  serum  yielded  a  20%  mortality, 
the  same  as  in  control  mice.  The  whole  pooled  normal  serum  protein  yielded  a 
30%  mortality.  We  believe  that  these  experiments  offer  convincing  evidence  that 
the  circulating  low  molecular  weight  immunosuppressive  material  from  burn  and  trauma 
patients  suppresses  the  resistance  to  sepsis. 
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We  also  initiated  experiments  during  the  past  year  to  determine  the  effect  of  Peak 
III  material  on  the  induction  of  suppressor  cells  in  mice.  Spleens  from  mice 
previously  injected  with  5  mg  of  Peak  III  from  burn  patients  were  able  to  suppress 
the  PHA  response  of  normal  mouse  spleen  cells  in  a  graded  dose  response  fashion. 


Finally,  during  the  past  year  we  have  developed  an  animal  model  in  which  to  study 
the  induction  of  impaired  cellular  immune  responsiveness  following  trauma  in 
order  to  study  this  phenomenon  under  more  controlled  conditions  than  is  possible 
in  man  and  especially  in  order  to  study  in  the  future  the  potential  usefulness  of 
various  therapeutic  interventions  directed  towards  abrogating  the  inhibition  of 
cellular  immunity  seen  under  these  conditions.  Splenocytes  from  C57BL  mice 
traumatized  by  amputation  of  the  right  hind  limbs  under  general  anesthesia  were 
consistently  shown  to  have  a  significantly  (by  Students  t_  test)  diminished  capacity 
to  proliferate  in  response  to  alloantigens  and  to  form  alloreactive  cytolytic  cells 
in  mixed  lymphocyte  culture  (Table  III). 
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TABLE  I 


Bum  Patients 

Survivors 
• (14  patients) 

Mean  %  Serum  Suppression*  72.0% 

Mean  Reduction  in  PHA  Blastogenesis*  30.8% 

*  mean  of  greatest  level  of  suppression  measured  in  each  patient 


Burn  Patients 
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TABLE  III 
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Comparison  of  Cytolytic  Activity  After  MLC  of  Lymphocytes 
from  Normal  Animals  with  those  from  Traumatized  Animals 


Experiment 

•  * 

L:T  * 

Normal^  ,  ‘ 

C  %  Lysis  +  SEM) 

Trauma^ 

P 

1 

70:1 

46.5  _+  2.9 

18:1  +  0.3 

<0.001 

35:1 

37.5^1.4 

13.6  -+  1.4 

<0.001 

17.5:1 

29.3+0.3 

8.5  +  0.8  * 

<0.001 

2 

70:1 

67.4+2.1 

35.9  +  2.8 

<0.001 

55:1 

41.4  4.6 

23.7  +  0.9 

0.01 

17.5:1 

26.0^1.9 

16.5  +  0.4 

<0.01 

3 

70:1 

35.7  +_  1.1 

• 

1.5  +  0.1 

<0.01 

35:1 

21.8  +  Q.8 

1.0  +_  0.6 

<0.001 

17.5:1 

13.7  +_  1.7 

0.3+1.0 

<0.01 

Lymphocyte  to  target  cell  ratio- 

Effector  cells  prepared  from  at  least  3  normal  mice. 


§  Effector  cells  prepared  from  at  least  3  traumatized  mice,  (amputation  2  days  earlier) 
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TABLE  TV 


Effect  of  Anesthesia  with  Ether  on  the  Induction  of  CL  in  MLC. 


* 

L:T 

• 

+ 

Normal* 

§ 

Anesthetized 

IP 

(  %  Lysis 

+  SEM) 

70:1 

80.0  +  2.5 

80.6  +  5.2 

0.9 

35:1 

81.0  4.7 

77.8  +4.9 

0.7 

17.5:1 

63.9  +_  3.8 

62.7+1.9 

0.8 

*  Lymphocyte  to  target  cell  ratio. 

4-  Effector  cells  prepared  from  at  least  3  untreated  mice. 

%  Effector  cells  prepared  from  at  least  3  mice  anesthetized  with  ether  two 
days  earlier. 


TABLE  V 


Characterization  of  Suppressor  Cells  from  Traumatized  Animals 


Addition  of  cells* to 
Experiment  normal  mouse  MiC _ 

1  None  (control 

Unfractionated  trauma  splenocytes 
GNA  trauma  splenocytes 
GA  trauma  splenocytes 
GNA  normal  splenocytes 
GA  normal  splenocytes 


%_ lysis  +_  SEM 

62.5  +  2.2 
49.3  +_  0.4 

61.5  ^  1.7 
0.4  +_  0.8 

66.2  +_  3.4 

55.2  +  2.4 


P 


0.01 

NS+ 

<  0.00 
NS 
NS 


i 

i 

i 

i 


2 


None  (control) 

Unfractionated  trauma  splenocytes 
Nylon  wool-eluted  trauma,  splenocytes 
Nylon  wool-retained  trauma  splenocytes 


70.1  3.2 

55.3  +  1.0 

67.3  +_  1.4 
52.7  +  1.6 


'<£  0.01 

NS 

;  •  0.01 
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None  (control)  66.0  +_  2.5 

Unfractionated  trauma  splenocytes  29.8  +_  2.8 

Anti -Thy  1.2  +  C-treated  trauma 

splenocytes  .  31.6  +_  1.2 

Anti-Ig  +  C-treated  trauma  splenocytes  41.7  +_  1.2 

C-treated  trauma  splenocytes  29.5  +^2.2 


<  0.00 

0.00 

<  0.01 
-C  0.00 
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None  (control) 

Nylon  wool-eluted  normal  splenocytes 

Nylon  wool-retained  normal  splenocytes 

Anti-Thy  1.2  +  C-treated  normal  . 
splenocytes 

Anti-Ig  +  C-treated  normal  splenocytes 
C-trcated  normal  splenocytes 


76.7  5.1 

72.4  +_  7.3 

NS 

80.2  +_  4.9 

NS 

81.9  +_  4.5 

NS 

73.2  2.  6.2 

NS 

85.3  +  7.8 

NS 

Splenocytes  prepared  from  mice  whose  limbs  were  amputated  2  days  earlier  were  fraction 
by  adherence  to  glass  Petri  dishes  or  nylon  wool  columns  (2  cycles),  or  by  treating  wi 
anti  Thy  1.2  or  ant-Ig  sera  and  C  .  2x10°  nylon-treated .and  5xl06  anti-sera  treated  c 
were  added  to  normal  conventional  Mf.C.  ' 
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INDUCTION  OF  SUPPRESSOR  CEILS  BY  TRAUMA.  B.  S.  hang,  E ■  H. 
Heacock*,  and  f.A.  Mannick.  Harvard  Medical  School  and  Peter 
Bant  Brigham  Hospital,  Boston.  MA  0211S. 

Trauma  is  often  accompanied  by  a  loss  of  ironunocompetency 
which  may  contribute  to  morbidity  and  mortality  from  infec¬ 
tious  complications.  In  order  to  better  understand  the  na¬ 
ture  of  the  innuno mcompetency  induced  by  trauma,  we  under¬ 
took  the  present  study.  CS7BL/6  mice  were  traumatized  by 
surgical  amputation  of  their  right  hind  limbs.  Splenocytes 
were  prepared  from  these  mice  two  days  after  amputation.  The 
imrunoreactivity  of  these  cells  was  tested  in  an  in  vitro 
system  in  which  alloreactive  cytolytic  lymphocytes  (CL)  were 
generated.  Splenocytes  from  traumatized  mice  were  consistent¬ 
ly  shown  to  have  a  diminished  capacity  to  fora  CL.  This  in- 
coapetency  was  detected  from  two  hours  to  six  days  after  sur¬ 
gical  trauma  and  was  completely  reversed  by  removing  phagocy¬ 
tic  cells  from  the  cultures.  Furthermore,  addition  of  these 
trauma  splenocytes  to  mixed  lymphocyte  cultures  from  normal 
mice  prevented  normal  lymphocytes  from  being  sensitized  to 
alloantigens,  suggesting  the  presence  of  suppressor  cells. 

The  suppressor  cells  were  found  to  adhere  to  glass  and  to 
nylon  wool  columns.  They  were  resistant  to  treatment  with 
anti -thy  1.2  and  anti-Ig  sera  in  the  presence  of  complement. 
Therefore,  results  suggest  that  a  thy  1.2-negative,  Ig- 
negative  cell  population  capable  of  adhering  to  glass  and 
nylon  wool,  presumably  macrophages,  was  responsible  for 
inhibiting  the  response  of  lymphocytes  to  alloantigens  in 
traumatized  animals.  (Supported  by  USPHS  CM26016-01.) 
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chapter  in  Infections,  Trauma, 
and  Burns 

RELATIVE  CLINICAL  IMPORTANCE  OF  SERUM 
SUPPRESSOR  FACTORS  AND  CELLULAR  SUPPRESSION 
IN  MAJOR  BURNS 

John  H.  N.  Wolfe,  MB,  FRCS, 

Nicholas  E.  O’Connor,  MD,  FACS, 

Anthony  E.  Young,  McH,  FRCS,  Inna  Saporoschetz,  AB, 
and  John  A.  Mannick,  MD,  FACS 

SYSTEMIC  INFECTION  is  the  leading  cause  of  morbidity  and  mortality 
in  burned  patients.  Both  cellular  immune  suppression  (1)  and  serum 
immunosuppressive  factors  (2 )  may  inhibit  host  resistance  to  the  bacteria 
invariably  present  in  burn  wounds.  The  relative  clinical  importance  of 
these  immune  responses  is  poorly  understood.  We  have  therefore  studied 
19  patients  (aged  20  to  84  years)  with  full-thickness  burns  and  related 
their  clinical  course  to  the  following  immunologic  functions:  serum 
suppression  of  normal  PHA  blastogenesis.  E-rosette  formation,  the  PHA 
response  of  nylon  wool  nonadherent  cells,  and  the  presence  of  nylon  wool 
nonadherent  suppressor  T  cells. 

MATERIALS  AND  METHODS 

The  clinical  course  of  the  patients  was  monitored  and  their  chance  of 
survival  was  assessed  from  the  Brigham  Hospital  burn  data  by  probit 
analysis.  The  patients  were  then  divided  into  two  groups:  less  than  35 7c 
and  greater  than  35%  chance  of  survival.  During  the  course  of  the  illness, 
peripheral  venous  blood  samples  were  tested  for  immunosuppressive  activ¬ 
ity  in  vitro.  Fourteen  normal  volunteers  served  as  controls.  Nonadherent  T 
cells  were  recovered  by  eluting  them  from  a  nylon  wool  column.  Their 
viability  was  greater  than  90%  with  the  trypan  blue  exclusion  technique. 
The  blastogenic  response  of  these  cells  to  phytohemaglutinin  (PHA)  was 
tested  after  two  days  incubation.  The  results  were  expressed  as  counts/ 
minute  of  the  incorporated  3H-thymidine  and  related  to  the  response  of 
normal  control  cells.  A  stimulation  of  iess  than  50%  of  normal  was  con¬ 
sidered  significant  depression.  The  patients’  cells  were  also  incubated 
with  normal  cells  and  PHA  to  assess  the  ability  of  the  cells  to  suppress 
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the  normal  lymphocyte  response.  E-rosette  concentration  was  measured, 
and  less  than  15%  of  rosette-forming  cells  was  considered  abnormal. 
Serum  samples  were  studied  for  their  ability  to  inhibit  normal  PHA- 
induced  lymphocyte  proliferation.  Sera  were  added  to  the  culture  medium 
of  microtiter  plates  in  10%  and  20%  concentrations.  Controls  included 
cultures  with  no  addition  of  serum  and  those  with  10%  and  20%  pooled 
normal  serum. 


RESULTS 

Serum  immunosuppression  developed  in  16  of  19  patients  during  their 
illness,  and  13  of  these  patients  developed  a  systemic  infection.  The  time 
of  immunosuppression  could  not  be  related  to  existing  or  subsequent 
infection,  however,  and  two  severely  burned  patients  with  systemic  infec¬ 
tion  did  not  have  suppressive  serum.  The  presence  of  serum  immunosup¬ 
pression  did  not  correlate  with  survival. 

The  concentration  of  E-rosette-forming  cells  correlated  with  the  pres¬ 
ence  of  serum  immunosuppression  (r  =  0.57,  P  -  0.01)  after  a  single  cell 
wash  but  not  after  six  washings.  Twelve  patients  failed  to  form  E-rosettes 
when  the  cells  were  washed  once  (mean  =  6.4%  rosette  formation)  but 
after  six  washes  the  E-rosette  cell  concentration  rose  to  a  mean  of  16.5%. 
This  suggests  that  some  T  cells  were  inhibited  from  forming  E-rosettes 
by  a  loosely  bound  suppressive  substance.  E-rosette  concentration  also 
correlated  with  the  PHA  response  of  the  cells  (r  =  0.47.  P  -  0.05). 

Failure  of  the  peripheral  blood  lymphocyte  response  to  PHA  was 
uncommon  and  was  associated  with  severe  infections  and  a  high  mortality. 
Of  the  seven  patients  with  this  finding,  four  died,  one  developed  a  Candida 
endocarditis  (despite  having  only  a  40%  burn),  and  the  other  two  had  a 
protracted  hospital  stay  and  system  infections  (84  and  60  days  hospitali¬ 
zation  for  35%  bums).  No  patient  died  without  severe  depression  of  the 
lymphocyte  response  to  PHA. 

In  27  samples  the  PHA  response  was  tested  after  a  single  cell  washing 
and  after  six  washes,  and  improved  more  than  50%  after  six  washes. 
In  1 1  samples,  however,  there  was  no  difference  between  washing  the  cells 
three  and  six  times.  After  the  single  wash,  serum  factors  may  still  affect 
the  PHA  response  but  the  failure  to  improve  blastogenesis  after  repeated 
washings  suggests  that  the  suppression  is  intrinsic  and  not  caused  by  an 
inhibitor  loosely  attached  to  the  cell  surface.  The  results  of  PHA  response 
after  three  and  six  washes  were  therefore  used  to  measure  the  degree  of 
suppression  of  the  lymphocytes. 

Th’  presence  of  suppressor  T  cells  was  studied  serially  in  seven  patients 
(27  samples)  and  correlated  with  the  failure  of  PHA  blastogenesis  (r  = 
0.074,  P<  0.001). 

Serial  studies  in  13  patients  showed  that  serum  suppressive  factors 
developed  during  the  first  week  after  the  burn  and  in  the  more  severely 
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burned  patients  the  T  cell  response  to  PHA  also  became  subnormal,  but  a 
T  cell  response  of  less  than  50'?  of  normal  was  uncommon. 

CONCLUSION 

Serum  immunosuppression  is  an  almost  invariable  consequence  of  a 
moderate  or  major  burn  injury.  Although  this  immunosuppression  may 
inhibit  host  resistance  to  infection,  many  of  these  patients  survive.  How¬ 
ever.  the  development  of  suppressed  blastogenesis  of  peripheral  blood 
lymphocytes  and  the  appearance  of  circulating  suppressor  T  cells  is  associ¬ 
ated  with  a  grave  prognosis  (Table  2). 


Table  2-Prognosis  after  appearance  of  circulating  suppressor  T  cells 


Survivors 
(N  =  14) 

m 

Deaths 
(N  =  5) 

m 

Mean  %  serum 

suppression 

72.0 

69.4 

Mean  reduction 

in  PHA  blastogenesis 

30.8 

82.4 

Mean  of  greatest  level  of  suppression  measured  in  each  patient. 
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Abstract  Imnumomcompetcncy  is  often  seen  in 
patients  after  various  types  of  trauma  and  is  associated 
with  increased  morbidity  and  mortality  from  infectious 
complications.  To  understand  better  the  immunologic 
impairment  associated  with  trauma,  we  have  studied 
this  phenomenon  in  an  animal  model.  Splenocytes  from 
mice  traumatized  by  amputation  of  their  right  hind 
limbs  were  consistently  shown  to  have  a  diminished 
capacity  to  proliferate  in  response  to  alloantigens  and  to 
form  alloreactive  cytolytic  cells  in  mixed  lymphocyte 
cultures.  Anesthesia  itself  had  no  effect  in  this  system. 
The  iminunoincompetency  was  detected  from  2  h  to 
fi  d  after  surgical  trauma  and  was  completely  reversed 
by  removing  adherent  and  phagocytic  cells  from  the 
splenocytes.  Furthermore,  addition  of  splenocytes  from 
traumatized  mice  to  mixed  lymphocyte  cultures  from 
normal  mice  prevented  normal  lymphocytes  from  re¬ 
sponding  to  alloantigens,  suggesting  the  existence  of 
suppressor  cells.  The  suppressor  cells  were  found  to 
adhere  to  glass  and  to  nylon  wool  columns,  and  were 
contained  within  an  esterase-positive  cell  population. 
They  were  insensitive  to  treatment  with  anti-Thy  1.2 
and  anti-Ig  sera  in  the  presence  of  complement.  There¬ 
fore,  the  present  results  suggest  that  a  Thy  1.2-nega¬ 
tive,  Ig-negative,  esterase-positive  cell  population  cap¬ 
able  of  adhering  to  glass  and  nylon  wool,  presumably 
macrophages,  was  responsible  for  the  inhibition  of  the 
responsiveness  of  lymphocytes  to  alloantigens  in 
traumatized  animals. 

INTRODUCTION 

Trauma  is  often  accompanied  by  a  loss  of  immuno- 
competency,  which  may  contribute  to  morbidity  and 
mortality  from  infectious  complications.  Shortly  after 
major  surgical  operations,  accidental  trauma  or  burns, 
patients  are  found  to  have  impaired  cell-mediated 
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immunity  including  auergy  to  skin  test  antigens  1 1,  2). 
The  phagocytic  capability  of  macrophages  (3)  and 
neutrophils  1 4 )  is  diminished.  Some  investigators  also 
report  decreased  levels  of  immunoglobulins  and 
complement  in  these  patients  (5-7).  Although  tin- 
mechanisms  by  which  severe  injury  induces  immuno¬ 
suppression  are  not  vet  clear,  suppressor  cells  max  be 
partially  rt  onsible  as  recently  demonstrated  by 
Miller  and  Baker  (8). 

To  In-tter  understand  the  nature  ol  immunoincom- 
petency  induced  by  trauma,  we  have  developed  an 
animal  model  in  which  mice  are  traumatized  bv  surgi¬ 
cal  amputation  of  their  right  hind  limbs.  We  have  used 
this  model  in  the  present  study  to  demonstrate  that 
lymphocytes  from  these  animals  manifest  significantly 
lessened  immunologic  reactivity.  We  have  further 
attempted  to  identify  the  cause  ol  this  depressed 
cell-mediated  immune  responsiveness  and  have  found 
macrophage-like  suppressor  cells  in  the  spleens  of 
these  amputated  mice. 

METHODS 

Animals.  Male  C57BDfi|  ilf-21').  DBV2J  lH-2").  and 
CB.VJ  (If  •2k)  mk’c,  am*  8-12  vvk.  \v«*n*  used  in  (his  studs. 
All  strains  were  obtained  from  The  Jackson  laboratory. 
Bar  Harbor  Maim*. 

Traumatization  of  animats.  Animals  were  traumatized  by 
surgical  amputation  of  their  right  hind  limbs.  Mice  were 
anesthetized  with  ether,  the  tipper  femur  was  broken  with 
heavy  forceps,  and  the  limbs  were  excised  with  an  elec¬ 
trocautery  The  wound  was  closed  with  autoclipv 

Preparation  of  mouse  lymphoid  cells.  Spleens  were  re¬ 
moved  from  mice  at  varying  intervals  after  amputation.  A 
single  cell  suspension  was  prepared  by  teasing  the  spleens 
apart  and  rinsing  through  Nos.  40  and  80  stainless  steel 
mesh  screens.  These  splenocytes  were  subsequently  purified 
by  Ficoll-Hvpaque  gradient  centrifugation.  Oils  were 
washed  three  times  ami  c<nmted  in  a  hemorytometer.  The 
viability  of  these  cells  was  always  >98*3$  as  judged  by  try  pan 
blue  dye  exclusion.  Peritoneal  exudate  cells  (PKC)’  were  ob- 


1  Abbreviations  used  in  this  paper  ('.  complement.  (T. 
cytolytic  lymphocytes.  Cam  A,  comana valin  A,  FCS.  fetal 
calf  serum,  GA.  glass  adherent.  C5N.A.  glass  nonadherent. 
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tamed  by  washing  the  peritoneal  cavity  with  Hanks’  balanc  ed 
salt  solution  (HBSS).  We  did  not  inject  any  peritoneal  stimu¬ 
lant  before  harvesting  PEG  to  avoid  nonspecific  activation  of 
macrophages.  Approximately  30-40*%  of  PEC  were  esterase¬ 
positive  cells  as  determined  by  cytochemical  staining  with 
o-naphthvl-butvnate-esterase  (9). 

\ylon  wool  column  filtration.  To  obtain  a  population  rich 
in  T  cells,  spleimcytes  purified  by  Ficoll-Hypaque  gradient 
centrifugation  were  filtered  through  two  successive  nylon 
wool  columns  as  described  by  Julius  et  al.  1 10).  Approxi¬ 
mately  300  mg  of  nylon  wool  (heuko-Fak,  Femval  Inc.,  Ash¬ 
land.  Ntass.)  was  packed  into  a  5-ml  syringe.  Before  use, 
columns  were  incubated  with  HPMI  1640  medium  (Gihco 
Laboratories,  (.rand  Island  Biological  Go..  Grand  Island, 
Y.)  at  37°G  for  30  min.  The  columns  were  Hushed  with 
medium  and  5  x  I07  lymphocytes  in  2  ml  of  HPMI  1640 
medium  containing  10*%  heat-inactivated  fetid  calf  serum 
(FCS,  Gihco  laboratories)  were  then  placed  on  the  columns. 
After  incubation  at  37°C  for  30  min,  effluent  cells  were  col¬ 
lected  by  rinsing  the  columns  with  10  ml  of  medium.  These* 
cells  were  subsequently  placed  on  a  second  column  and  incu¬ 
bated  at  37°G  for  an  additional  -30  min.  The  effluent  cells 
from  the  second  column  were  characterized  as  T  lympho¬ 
cytes  because  they  no  longer  res|K»nded  to  I  ipopoly  saccharide 
(LPS),  whereas  their  responses  to  phytohemagglutinin 
(PH.A)  and  concana valin  A  (Con  A)  remained  intact.  (Tells 
retained  by  the  first  nylon  wool  column  were  collected 
by  repeatedly  compressing  the  nylon  wool.  These  cells  had 
an  increased  LPS  responsiveness,  whereas  both  PH  A  and 
(Ton  A  responses  were  significantly  decreased.  Less  than 
0.1%  of  nylon  wool-filtered  cells  were  esterase-positive, 
whereas  3-5%  of  nylon  wool  retained  cells  were  esterase¬ 
positive. 

Treatment  of  lymphocytes  with  anti-Thy  1.2  serum  and 
complement  (C).  T  lymphocytes  were  depleted  by  treating 
splenocytes  with  anti-Thy  1.2  serum  and  (T.  Approximately 
107  splenocytes  were  incubated  in  1.5  ml  of  HBSS  with 
monoclonal  anti-Thy  1.2  antibody  (5  x  10'4  dilution)  (New 
England  Nuclear.  Boston,  Mass.)  and  Low-Tox  guinea  pig  G 
( 1/10  dilution)  (Cedarlane  Laboratories,  Hicksville,  N.  Y.) 
at  37°G  for  60  min.  The  cells  were  then  washed  three  times. 
This  treatment  depleted  T  lymphocytes  because  both  PH.A 
and  (Ton  A  responsiveness  of  these  treated  cells  was  destroyed, 
whereas  the  LPS  response  remained  intact. 

Treatment  of  lymphocytes  with  anti’immunoulohulin  (Ig) 
antibody  and  (T.  Approximately  I07  splenocytes  were  incu¬ 
bated  in  1  ini  of  HBSS  with  i/8  dilution  of  rabbit  anti-mouse 
Ig  serum  (Miles  Laboratories  Inc.,  Elkhart,  Ind.)  at  37°(T 
for  30  min.  0.5  nd  of  a  1/5  dilution  of  (T  was  then  added 
and  the  cells  were  incubated  for  an  additional  30  min.  The 
cells  were  then  washed  and  examined  for  their  responsiveness 
to  various  mitogens.  These  treated  cells  were  found  to  be 
functional  T  lymphocytes  Iwcause  they  no  longer  rescinded 
to  LPS.  whereas  both  PHA  and  (Ton  A  responses  remained 
intact. 

Collection  of  adherent  cells  with  glass  petri  dishes.  Splen¬ 
ocytes  were  suspended  in  RPMI  1640  medium  containing 
10%  F(TS  at  a  cell  concentration  of  5-10  x  10*/ml.  These 
cells  were  incubated  in  glass  petri  dishes  at  37°G,  in  a  10% 
(TOj  atmosphere  for  2-3  h.  (Tells  not  adhering  to  the  dishes 
were  carefully  removed  and  designated  as  glass  nonad¬ 
herent  (GNA)  cells.  After  washing  the  dishes  with  wanned 
medium  twice,  glass  adherent  (GA)  cells  were  collected  by 


HBSS,  Hanks*  balanced  salt  solution;  LPS,  lipopolysaccharidr 
(E.  coli  055:  B5);  L:T,  lymphocyte  to  target  cell  ratio;  MIT. 
mixrd-lymphrx  yte  culture,  PEG,  peritoneal  exudate  cells; 
PHA,  phytohernagglutinin. 


gently  scraping  the  dishes  with  a  rubber  policeman.  GA 
cells  were  predominantly  macrophages,  since  >90%  were 
esterase-positive  cells,  whereas  the  (iNA  population  con¬ 
tained  <2%  esterase-positive  cells. 

Removal  of  phagocytic  cells  with  carbonyl  iron  and 
magnet.  Macrophages  were  also  depleted  by  the  carbonyl 
iron  and  magnet  technique.  Ficoll-Hypaque  gradient  purified 
splenocytes  were  suspended  in  carbonyl  iron  lymphocyte 
separator  reagent  (Technicon  Instruments  (Tor])..  Tarrytown, 
N.  Y.)  at  a  cell  concentration  of  5  *  UP/ml.  Afte  r  20  min 
incubation  at  37°(T,  cells  were  immediately  diluted  with  5  vol 
of  HBSS.  Phagocytic  cells  were  removed  by  four  successive 
treatments  with  a  magnet.  About  50%  of  the  original  cells 
remained  after  this  procedure,  and  <1%  were  shown  to  be 
esterase- positive  cells. 

Proliferative  response  of  splenocytes  to  alhuintigens. 
Single  cell  suspensions  were  prepared  from  (T57BL/6  and 
DBA/2  or  in  some  instances  (TBA  mice  .is  previously  de¬ 
scribed.  Mouse  erythrocytes  were  lysed  by  a  3-tnin  exposure 
to  a  0.83%  Tris-NH4Gl  solution.  After  being  washed  three 
times  with  HBSS.  these  splenocytes  were  suspended  in 
HPMI  1640  medium  containing  5%  FGS.  2  mM  l. -glutamine 
(Gihco  Laboiatories),  100  l' ml  of  penicillin,  and  100  pg  nil 
of  streptomycin  (Gihco  Laboratories).  (T57BL/6  responder 
splenocytes  together  with  various  memlu'rs  of  DB.V2  or 
CBA  splenocytes  that  had  been  irradiated  with  1.500  rad  of 
gamma  radiation  in  0.2  ml  of  medium  were  added  to  each 
well  of  a  Falcon  Microtest  II  culture  plate  (Falcon  Labware. 
Div.  of  Bectou,  Dickinson  6c  (To..  Oxnard,  Gal  if. >.  The  culture 
plates  were  incubated  at  37°G.  in  a  10%  ( T( )2  and  water- 
saturated  atmosphere  for  48  h.  I  pCi  of  PH|t!iy midinc  i20 
(Ti/imnol  sp  act,  New  England  Nuclear)  was  added  to  each 
well  and  cultures  were  continued  lor  an  additional  16  h.  ( Tells 
were  harvested  by  a  Mash  II  automatic  harvesting  machine 
(Microbiological  Associates,  Walkersville.  Md.).  ‘H-labeled 
DNA  of  the  splenocytes  was  precipitated  on  a  glass  fiber 
filter  after  the  cells  were  ly  sed  with  5%  trichloracetic  acid 
Each  sample  was  added  to  5  nil  of  cocktail  D  i.i  mixture 
of  100  g  naphthalene,  5  g  of  PPO.  and  1  liter  of  1.4-dioxanei  and 
counted  in  a  liquid  scintillation  counter  (Packard  Instrument 
(To.,  Downers  Grove,  III.).  The  mean  counts  per  minute 
(cpm)  was  obtained  from  triplicate  cultures  and  the  stimula¬ 
tion  index  (SI)  was  calculated  by  the  following  formula  SI 
-  cpm  of  responder  splenocytes  co-cultured  with  irradiated 
stimulating  splenocytes  per  cpm  of  responder  splenocytes 
alone.  The  significance  of  the  difference  between  the  stimu¬ 
lation  index  of  normal  ( T57BL/6  spletiocy  tes  and  that  of  spleno¬ 
cytes  from  traumatized  (T57BL/6  mice  was  determined  by 
Student’s  t  test 

Induction  of  allorcactivc  cytolytic  lymphocytes  (CIj  in 
mixed-', umphocyte  cultures  (MIX').  Splenocytes  wore  pre¬ 
pared  from  mice  as  described.  1():  G57BI26  cells  were  incu¬ 
bated  with  8  x  10*  irradiated  DBA  2  cells  in  4  mj  of  HPMI 
1640  medium  containing  5%  FGS.  2  mM  I. -glut. inline.  10 
mM  Hepes  (Gihco  laboratories).  0.4  mM  2-inercapto- 
ethanol  (Eastman  Kodak  (To..  Rochester.  N.  Y.<  and  100  L ml 
of  penicillin  and  100  yUg/ml  of  streptomycin.  These  MIT 
were  performed  in  16  x  125  mm  glass  culture  tubes  tor  5d 
at  37°(T,  in  a  10%  GO*  in  air,  water-saturated  atmosphere 
After  incubation,  cells  were  washed  twice  with  HBSS  and 
counted.  Approximately  40%  of  the  total  original  cells  were 
viable  at  this  time. 

Microcytotoxicity  assay.  Mastocytoma  cells.  PSI5  iH-2'1), 
maintained  by  serial  intraperitoueal  ]>ass.ige  in  DBV2  mice 
were  used  as  targets.  After  being  washed  once  with  HBSS. 
5-7  x  10*  P815  cells  were  incubated  with  300  j/Gi  MGi  as 
sodium  cromate  (275  m(Ti/mg  sp  act.  New  England  Nuclear) 
in  0.5  nil  of  HBSS  at  37°(T  for  90  min  (Tells  were  then  w  ashed 
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three  times  and  suspended  in  HPMI  1640  medium  contain- 
inn  10%  FC'S.  104  of  these  5lCr-labeled  P815  cells  in  0.05  ml 
were  added  to  each  well  of  a  Linbro  microtiter  plate  ( IS- 
MVC-96S;  Linbro  Chemical  Co.,  Hamden,  Conn.).  Effector 
C57BL/6  cells  generated  in  5-d  \1LC  in  0.1  ml  of  medium 
were  also  added  to  each  well  at  effector  to  target  cell  (L:T) 
ratios  of  70:1,  35:1,  and  17.5:1.  Unless  otherwise  noted 
results  were  presented  from  cultures  with  an  L:T  ratio  of  70: 1. 
Microtiter  plates  were  centrifuged  at  40  g  for  5  min,  and  then 
incubated  at  37°C  for  3.5  h.  After  incubation,  plates  were 
centrifuged  at  600  g  for  10  min  and  0.1  ml  ot  culture  medium 
was  carefully  removed  and  counted  in  a  gamma  counter 
(Packard  Instrument  Co.).  The  cytotoxicity  presented  as  per¬ 
cent  lvsis  was  calculated  from  triplicate  cultures  by  the  follow¬ 
ing  formula:  percent  lysis  =  (E  -  S/M  -  S)  x  100,  where 
E  =  counts  per  minute  of  s,Cr  from  experimental  cul¬ 
tures;  S  =  counts  per  minute  of  5lCr  spontaneously  released 
from  labeled  P815  cells;  \1  =  counts  per  minute  of  “Cr 
released  from  labeled  P815  cells  that  had  been  frozen  and 
thawed  three  times.  Statistical  analysis  was  done  by  Student’s 
t  test. 

RESULTS 

Effect  of  trauma  on  lymphocyte  proliferation  in  re¬ 
sponse  to  alloantipens.  10“  splenocytes  prepared  from 
normal  C57BL/6  mice  or  from  mice  that  had  had  their 
limbs  amputated  2  d  earlier,  were  eo-eultured  with  vari¬ 
ous  numbers  of  irradiated  DBA/2  splenocytes  in 
one-way  MLC.  After  incubation,  incorporated  [:,H]thymi- 
dine  was  measured  and  the  stimulation  index  was  sub¬ 
sequently  calculated.  As  indicated  in  Fig.  1,  the  pro¬ 
liferative  response  to  alloantigens  was  impaired  when 
splenocytes  were  prepared  from  traumatized  mice.  A 
significant  difference  between  normal  splenocytes  and 
splenocytes  from  traumatized  mice  was  seen  when  they 
were  co-eultured  with  7.5  x  105  and  10“  DBA/2  mouse 
splenocytes  (P  <  0.05  and  <0.01,  respectively). 

Effects  of  trauma  on  the  induction  of  CL  in  vitro. 
In  the  next  series  of  experiments,  we  compared  the 
induction  of  CL  in  vitro  in  splenocytes  from  normal 
animals  with  that  in  splenocytes  from  animals  whose 
limbs  were  amputated  2  d  earlier.  As  shown  in  Table  I, 
normal  C57BL/6  splenocytes  incubated  with  irradiated 
DBA/2  splenocytes  for  5  d  became  cytolytic  to  P815 
tumor  cells.  In  contrast,  splenocytes  obtained  from 
traumatized  C57BL/6  mice  were  significantly  less  cyto¬ 
lytic  to  P815  cells  after  co-culture  with  DBA/2  spleno¬ 
cytes.  These  results  clearly  suggest  that  the  ability  ol 
splenocytes  from  the  traumatized  animals  to  be  con¬ 
verted  to  CL  responding  to  alloantigens  is  reduced. 
This  conclusion  was  supported  by  a  subsequent  ex¬ 
periment  in  which  a  wider  range  ot  L:T  ratios  (100:1 
to  12.5:1)  were  examined.  As  indicated  in  Fig.  2, 
splenocytes  from  normal  mice  manifested  significantly 
greater  cytotoxicity  than  those  from  traumatized  mice 
at  all  L:T  ratios  tested.  This  decreased  capability  of  CL 
induction  was  not  simply  due  to  the  effect  of  anesthesia 
since  the  cytotoxicity  of  splenocytes  from  mice  that  had 
had  anesthesia  with  ether  without  amputation  of  the 


NUMBERS  OF  STIMULATING  CELLS 

FIGURE  1  10“  splenocytes  prepared  from  normal  (•)  or 

traumatized  (O)  C57BI/6  mice  were  eocultured  with  2.5 
x  10s- 10“  irradiated  DBA/2  splenocytes  in  a  one-way  MLC. 
After  incubation,  incorporated  f'HJthymidine  was  measured 
and  the  stimulation  index  was  subsequently  determined 
(Methods). 


limbs  was  similar  to  that  of  control  splenocytes 
(Table  11). 

Kinetics  of  depressed  cellular  immunity  after 
trauma.  A  group  of  age-matched  C57BL/6  mice  were 
housed  in  the  same  cage.  Three  mice  were  chosen  to 

Table  I 

Comparison  of  Cytolytic  Activity  after  MLC  of 
Lymphocytes  from  Sormal  Animals  with  those 
from  Traumatized  Animals 


Kxpt'ntntMit 

IT 

Normal* 

Trauma  J 

'<•  A/m 

'  SE \l 

l 

70:1 

46.5±2.9 

18.1  ±0.3 

<0.001 

35:1 

37.5  ±  1.4 

13.6  ±  1.4 

<0.001 

17.5:1 

29.3  ±0.3 

8.5  ±0.8 

<0.001 

2 

70:1 

67.4  ±2.1 

35.9  ±2.8 

<0.001 

35: 1 

41.4  ±4.6 

2.3.7  ±0.9 

0.01 

17.5: 1 

26.0  ±  1.9 

16.5  ±0.4 

<0.01 

3 

70: 1 

35  7  ±1.1 

1.5  ±0.1 

<0.01 

35: 1 

21.8±0.8 

1.0  ±0.6 

<0.001 

17.5:1 

1 3.7  ±  1.7 

0.3  ±  1.0 

•  0.01 

Effector  cells  prepared  from  normal  mice 
1  Effector  cells  prepared  from  traumatized  mice. 
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RATIOS  OF  EFFECTORS 
TO  TARGETS 

Ml.l  HI-  2  Xplenoi  \  tcs  wen  pifpalf.l  hum  nnnii.i!  A  nr 
tr.IIJMl.ltr/rr)  (  5761.6  mi.  t-  Xitel  in.  tili.itl.m  with  u- 

radiatt*  d  l)B  \  2  splcnm  s  les  Ini  5  .1  these .  ells  w  etc  tested  tin 
tlu*  t  vtntnxlclti  against  '*(i  hit.,  l.-.f  1*8  I  5  target  .  clh  .it  1 .  I 
latins  nt  |(K)  1  lt i  12  5  1 


lie  amputated  t \it 'll  tl.i\ .  \ll  annuals  w  ere  I*  1 1 l<*ii  8  d  alter 
tlic  beginning  <>l  tin-  studs  Splenovs  t. were  prepared 
from  fiii'li  i'll  n  1 1>  ot  min  imli\  itlii.il  l\  .mil  mixed  with 
irraili.itfd  l)H\  2  Is inphni  > tes.  After  5  d  in  MIX.', 
if  IK  were  texted  tor  cytotoxicity  against  PHIS  tar¬ 
get'.  As  shown  in  Kin.  >.  tlif  i  apability  ot  Is  inphocs  tes 
to  lie  finivfrtfil  to  CM.  was  again  unpaired  in  mice 
whose  linilis  were  anipiitated.  liven  when  amputation 
was  performed  as  short  a  time  as  2  h  before  testing.  a 
significant  decrease  in  the  iti  neration  ot  (it.  Iieeame 
deteetahle.  This  efleet  gradually  disappeared  be¬ 
ginning  2  d  after  amputation,  hut  it  remained  xignifi- 
eant  through  tlie  (itli  d.  An  over-shoot  efleet  was  seen 
w  hen  miee  were  amputated  H  d  before  testini'. 

We  also  performed  a  similar  experiment  in  which  two 
mice  were  anesthetized  with  ether  without  amputation 
each  day.  All  mice  were  killed  at  day  T  and  their 
splenocytes  were  harvested  for  testini!  (or  the  CL 
induction  in  vitro.  As  demonstrated  in  Fi>!.  -4,  none  of 
these  splenocyte  populations  was  shown  to  have 
impaired  CM.  induction.  In  fact,  a  slight  increase  in  CL 
activity  was  seen  in  those  splenocytes  obtained  from 
mice  that  had  had  anesthesia  4-6  d  previously.  This 


Tabi.k  It 

Effect  of  Anesthesia  with  Ether  on  the 
Induction  of  C  7.  in  MIX' 


i.  r 

r 

Ilf  VI  V 

•s  t.\i 

70:1 

80.0  ±2.5 

80.6  ±5.2 

0.9 

35. 1 

81.0±4.7 

77.8±4.9 

0.7 

17.5:1 

63.9  ±3.8 

62.7  ±  1.9 

0.8 

Effector  cells  prepared  troin  mitreati'd  mice, 
t  KITector  cells  prepared  from  mice  anesthetized  w  ith  ether 
2  d  earlier. 


0  2h  l  2  3  4  5  6  7  8 

DAYS  AFTER  AMPUTATION 

I'  ll  *1  KK.  1  A  group  oi  C57B126  mice  were  housed  in  the  same 
rage  Three  mice  w  ere  chosen  to  he  traumatized  each  das 
and  all  annuals  were  killed  8  d  after  the  beginning  ot  this 
studs  Splcnncstcx  were  prepared  ironi  these  mice,  incubated 
with  irradiated  DB.A.2  splcnocs  ti-s  ior  5  d  in  Ml. (2  and  then 
tested  lor  their  cytotoxicity.  Splenocytes  from  normal  mice 
were  similarly  tested  and  screed  as  controls 


study  confirmed  our  previous  observation  (Table  111 
and  further  suggested  that  anesthesia  with  ether  was 
not  responsible  for  the  decreased  immune  reactivity 
seen  with  splenocytes  from  traumatized  animals. 

Characterization  of  the  mechanism  responsible  for 
ileitressin  g  the  feencratian  of  Cl.  in  traumatized  mice 
We  subsequently  performed  a  series  of  experiments 
in  an  attempt  to  characterize  the  mechanism  re¬ 
sponsible  for  the  depressed  ability  to  generate  (T,  in 
the  cells  of  traumatized  mice.  In  the  first  experiment 
(Table  III)  (.’1,  generated  from  the  splenocytes  ot 


I 


i  2  ?  4  b  6 

t'ArS  AFTER  ANfcTHtSIA 


FlGCHg  4  A  group  ot  C57BI76  mice  were  housed  in  the  same 
cage.  Two  mice  were  chosen  to  be  anesthetized  w  ith  ether 
without  amputation  of  the  limbs.  All  mice  were  killed  at  day 
7  and  their  splenocytes  were  harvested  and  tested  fiir  the 
induction  of  Cl.  in  MhC. 
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Tabi.k  111 

Cluirm-terizatitm  of  the  (  i  ll  li/pe  Responsible  for  Suppressing 
the  Ititltn  tinn  of  Cl .  111  Traumatized  Animals 


hxpt  llllielit 

Kfit'i  tm  trlls 

IVrtvill 
lx  MX  •  SKM 

/’* 

1 

Normal  trlls  (control) 

.50.0*2.5 

Trauma  irlK 

1  r< *f*  mai'nrt-trratrtl  trauma 

38.  1  ±2.2 

(MM 

cells 

65.1  ±2.7 

0.01 

(A A  tratnua  rrlls 

61  Hr  1.5 

o.oi 

(I A  trauma  rrlls 

28.0*  1.7 

oooi 

■> 

Normal  trlls  (control) 
liuii  magiirt-tiratrc!  normal 

47.-3  r  13 

cells 

55.3  •  3. 1 

\s 

(!\A  iionii.il  t  rlls 

47.2 1 5.2 

NS 

( ■  A  normal  t  rlls 

2H.9r  2.0 

-= .-0.001 

Normal  rolls  iroiitrol1 

59.7*  1.9 

Trauma  rrlls 

iT.7-0.fi 

•  (MM)] 

( » VA  trauma  rrlls 

(*\ A  trauma  rrlh  -  5  *  10" 

64.9*3.1 

NS 

( ;A  trauma  rrlls 
(>\ A  trauma  rrlls  *  !  *  1  ()*' 

45.fi  t  1.8 

■  0.01  ■  (1.01  If 

( i  A  trauma  t  rlk 

C.\  A  trauma  rrlls  *  I  •  10' 

55.2  •  1 .8 

NS  (-  0,0511 

( » A  trauma  rrlls 

63.3  •  1 .9 

NS  i  NS  • 

I’ s  allies  were  determined  hv  emnp.inmi  ey  tolv  tie  aetiv  ity  « >1  (ran lira  cells  witlr  that 
tit  niiinial  1  tintrnl  t  ells 

!  I‘  values  in  parentheses  were  determined  In  e<  imparl  nc ey  lots  tie  aetiv its  w ith  that 
ut  t  *N  \  trauma  eel  Is  without  the  addition  ot  GA  trail  11  la  eel  Is  t  percent  ly  sis  =  64.9). 

tr.itiinati/ed  .tninials  showed  a  simiific.intlv  lessened  However,  .tdmixinc  5  x  1  ()B  and  1  ()K  GA  cells  trout 

cytotoxicity  1  percent  lysis  =  AH.  I )  as  compared  to  Cl.  traumatized  mice  wit!)  CNA  cells  of  the  same  mice 

from  the  splenocytes  ot  normal  control  mice  (percent  attain  significantly  tlecreascd  the  cytotoxicity  of  the 
lysis  =  50.01  However,  this  depressed  item-ration  of  G\  A  cells  <  P  <.  0,01  ami  P  <  (>.<)5,  respectively).  Addi- 
("I.  was  aholished  w  hen  splenocvtcs  trout  traumatized  tint)  ot  I0‘  GA  cells  was  ineffective, 
animals  were  treated  with  carbonyl  iron  anti  a  magnet  Effect  of  spleen  cells  from  traumatized  animals  on 
ipi-rcent  Ivsis  -  0-5. li  or  removal  of  G  A  cells  (percent  the  prolife  rat  ire  response  of  normal  mouse  Itjmpho- 
Ivsis  =  h|, Hi,  suggesting  that  cells  capable  of  phago-  elites  in  MIX'.  \Ve  suhser|iiently  attempted  to  delet¬ 
es  tosis  and  adherinu  to  glass,  presumably  macro-  mine  whether  or  not  the  apparent  suppressor  cell 
phases,  were  responsible  tor  prevention  the  induction  population  in  the  spleens  of  traumatized  mice  would 
ot  (  d .  in  the  splenocv  tes  ot  traumatized  mice.  As  antici-  affect  the  proliferative  response  ot  normal  mouse 

pated,  GA  cells  recovered  from  the  petri  dishes  were  lymphocytes  to  alloantigcns.  5  x  1  normal  G57BI./B 
not  cv  tolv  tic  1  percent  Iv  sis  =  2H.(I).  mouse  lymphocytes  together  w  ith  5x  10s  GBA  or 

In  a  second  experiment  normal  cells  after  being  I )  BA/2  mouse  lymphocytes  previously  irradiated  with 

treated  with  iron'tnai'net  and  class  adherence  pro-  1,500  rad  and  5  x  j():-  splenocvtcs  prepared  from 

cedures  <G\  A  cells)  did  not  significantly  alter  the  normal  or  traumatiz.ed  G57BI./fi  mice  were  cultured  foi¬ 
es  tnlv  tic  activity  .  thus  rulinu  out  the  possibility  that  the  2  <1.  1  pC.i  I  'll  |th>  tnidine  w  as  then  added  and  the 
teehnii|nes  employed  contributed  to  the  results  seen  amount  ot  f'lllthymidine  incorirorated  into  DN A  was 
in  the  previous  experiment.  GA  normal  cells  were  measured  16  h  later.  Tile  proliferative  response  was 
incapable  ot  generating  Gl„  calculated  as  the  SI  as  before.  In  the  first  experiment 

In  a  third  experiment  splenocv  tes  from  traumatized  ( Kit;.  5.  left),  splenocv  tes  from  traumatized  mice  signifi- 
mice  attain  lie  tie  rated  less  Gl,  activity  in  vitro  (percent  cantly  decreased  the  capability  of  normal  G57BL/B 
lysis  =  37.7)  than  splenocytes  from  normal  mice  (per-  mouse  lymphocytes  to  proliferate  in  response  to  GBA 
cent  lysis  =  59.7).  Kemoval  of  GA  cells  from  trauma  mouse  lymphocy  tes  in  vitro  (croup  1))  as  compared  to 
splenocytes  increased  activity  (percent  lysis  =  64.9).  control  cultures  (croup  A;  P  =  0.01).  GA  cells  prepared 
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STIMULATION  INDEX 


0  I  2  3  4  o  5  10  IS  30 


Normal  Splenocytes  A 


Normal  GA  Cells  B 


Normal  GNA  Cells  C 


Trauma  Salenocytes  D 


Trauma  GA  Cells  E 


Trauma  3NA  Cells  F 


KlOl'KK  5  5  x  I  O'  normal  G57BI.B  inuM'.e  lymphocytes  were  cultured  v  tth  5  *  10:’  m.uli.itr(l 

GBA  i  Jr  It)  nr  DBA  2  muliP  nionxr  l\  inpltot  xtes.  A  -  1(1'’  ,idditu>ii.il  tut  fractionated.  GA  and  (IN  \ 
xplenocytcx  from  normal  G57Bf.(i  mirr  it  rif  .iddrd  to  cultures  A,  B,  .Did  (I.  respectively.  The 
tame  miiulirr  ol  mdr.tetnm.itrd.  GA.  and  GNA  splenocytes  prepared  trom  traumatized  mirr 
tvrrr  also  .uldrd  to  cultures  D.  E.  .tnd  K.  respectively.  Stimulation  index  was  r.drid.itrd 
from  triplir.itr  cultures,  Burt  indir.itr  SEM. 


front  traumatized  tnirr  further  inlulnted  nortnal 
lymphocyte  proliferation  i  croup  K;  P  <  0.01 1,  whereas 
(IN A  eells  front  the  same  tranmatized  tniee  hail  no 
effeet  (croup  F).  Furthermore,  addition  of  G  A  eells 
t croup  B)  or  GNA  eells  (croup  G)  prepared  from 
normal  tniee  had  no  effeet.  A  similar  observation  wits 
made  in  a  seeond  experiment  in  whieh  DB.-V2  mouse 
lymplioeytes  were  used  as  stimulatinc  eells  (Fic.  5. 
richt).  The  proliferative  response  of  normal  lympho- 
eytes  was  acain  sicnifieantly  suppressed  in  Ml. (I 
when  these  eells  were  eoenltnred  with  unfraetionated 
(Croup  D;  P  <  0.01)  or  GA  (croup  K;  P  <  0.001)  spleno- 
eytes  from  traumatized  animals,  Intt  not  with  GNA 
trauma  eells  (croup  F).  Furthermore.  GA  and  GNA 
splenocytes  from  normal  tniee  were  acain  shown  to  he 
without  effect. 

Effect  of  suppressor  cells  from  traumatized  animals 
on  the  induction  of  CL  in  the  splenocytes  of  no  mud 
mice.  \Ve  attempted  to  determine  the  effeet  of  sup¬ 
pressor  eells  found  in  the  spleens  of  traumatized  ani¬ 
mals  on  the  ability  of  normal  lymphocytes  to  cenerate 
Gl,  in  vitro.  We  prepared  conventional  MI.G  by  mixinc 
10:  normal  G57BUB  splenocytes  with  S  x  10“  ir¬ 
radiated  DB.A/2  splenocytes.  Various  numbers  ol 
trauma  cells  were  also  added  to  some  cultures.  After 
5d  incubation,  eells  were  examined  for  their  cyto¬ 


toxicity.  As  demonstrated  in  Fic-  fi.  addition  ol  10“ 
arid  5  x  )(>*  splenocy  tes  from  traumatized  animals 
sicnifieantly  decreased  the  capability  of  normal 
lymphocytes  to  become  Gl..  GA  cells  purified  from 
the  splenocytes  of  traumatized  mice  showed  a  similar 
suppressive  effect  at  lesser  cell  numbers.  Furthermore. 
PF.G  harvested  from  the  same  mice  were  hichly 
effective  in  preventinc  the  ccncratinn  ol  Gl.  trout  nor¬ 
mal  splenocytes. 

In  further  experiments  presented  in  1’able  IV.  the 
addition  of  unfraetionated  splenocytes  from  trauma¬ 
tized  mice  consistently  caused  suppression  ol  Gl, 
induction  in  vitro.  Acain.  this  suppressive  effect  was 
completely  abrocated  when  GA  cells,  shown  to  be 
hichly  suppressive,  were  removed  (experiment  I). 
It:  contrast,  both  GNA  and  GA  eells  similarly  prepared 
from  spleens  of  normal  mice  had  no  cllect.  In  the  sec¬ 
ond  experiment,  the  suppressive  activ  ity  of  spleno- 
cytex  of  traumatized  mice  wax  diminished  by  filtra¬ 
tion  of  the  cells  twice  throuch  ny  lon  wool  columns. 
Gcllx  retained  by  nylon  wool  were  collected,  tested 
and  found  to  be  suppressive  of  Gl.  induction.  Treat¬ 
ment  of  trauma  splenocytes  with  anti- Thy  1.2  plus  G 
and  G  alone  did  not  alter  the  suppressive  effeet  (experi¬ 
ment  A).  Althouch  suppressor  cells  treated  with  anti- 
lc  plus  G  showed  a  slichtly  lessened  suppressive  ac- 
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FROM  AMPUTATED  MICE 


Flt'.l  RK  6  Various  mmthrrs  nl  splenoevtes  t#)  and  1 1 1.( '  !A) 
obtained  from  traumatized  miec  were  added  to  normal  MI.C. 
After  5  d  incubation.  t(i<‘  cytotoxicity  of  the  normal  xplcno- 
eytes  was  examined.  (I A  eells  isolated  from  trauma  spleno- 
eytes  were  similarly  examined  i  .  I.  Cytotoxicity  of  Cl,  from 
normal  miee  served  as  eontrols. 


fixity,  this  was  not  significantly  different  from 
that  of  untreated  suppressor  eells  i  P  =  0.06).  Finally, 
additions  of  normal  splenoevtes  fraetionated  on  nylon 
wool  columns  or  treated  with  various  antisera 
anil  C  to  normal  MLC  did  not  inhibit  the  generation 
ol  CL,  suggesting  th.it  the  observations  made  in  the 
previous  experiments  were  not  the  result  of  the  tech¬ 
niques  used  for  purifying  subsets  of  eells  (experi¬ 
ment  4). 


DISCUSSION 

The  findings  reported  in  the  present  study  are  of  prac¬ 
tical  interest  because  of  the  increasing  body  of  evi¬ 
dence  that  deficiencies  of  immune  responsiveness 
occur  in  traumatized  patients  and  the  probability  that 
immunodeficiency  in  these  patients  is  related  to  an  in¬ 
creased  susceptibility  to  life  threatening  sepsis.  Ritz- 
mann  et  al.  (5)  and  Parker  et  al.  (fi)  reported  that  after 
severe  thermal  bums  and  major  operations  patients  hail 
abnormally  low  levels  of  circulating  Ig  associated  with 
an  increased  incidence  of  bacterial  infection.  De¬ 
creased  immunoglobulin  levels  were  similarly  re¬ 
ported  in  traumatized  animals  by  Alexander  and 
Moncrief  ( 1 1).  anil  Cooper  et  al.  ( 12).  However,  com¬ 
pletely  contradictory  findings  ivere  reported  by  Rapa- 
port  and  Bachvaroff  (13),  Markley  et  al.  (14),  and 
Kinnaert  et  al.  (15).  Arturson  and  Fjellstrdin  I")  ob¬ 
served  diminished  serum  complement  levels  in  pa¬ 
tients  with  bums  and  found  that  lethality  of  the  bums 


was  associated  with  lower  complement  lends. 
Alexander  et  al.  established  a  positive  correlation  be¬ 
tween  abnormal  neutrophil  function  and  bacteremia 
in  surgical  patients  I  lb).  Christen  et  al.  also  reported 
that  impaired  neutrophil  function  was  associated  with 
auergy  and  susceptibility  to  infection  in  patients  under¬ 
going  major  surgery  i  17). 

W  hile  antibody  formation,  complement  .n  t iv  ity .  and 
neutrophil  function  arc  urn  piestionably  important 
components  of  the  host  defense  against  sepsis,  an  intact 
cellular  immune  response  is  also  apparently  required 
for  adequate  resistance  to  at  least  some  varieties  of 
bacterial  infection  since  clinical  auci  gy  .clearly  a  reflec¬ 
tion  of  deficient  T  ly  niphoey  te  responsiv eness.  is  asso¬ 
ciated  with  a  grave  prognosis  and  an  increased  risk 
of  sepsis  in  surgically  or  accidentally  traumatized 
patients  (I,  2.  13.  18—20'.  This  association  suggests 
that  abnormalities  of  cellular  immunity  detected  in  pa¬ 
tients  and  experimental  animals  alter  trauma  anil  bums 
have  potential  clinical  significance. 

It  has  been  demonstrated  that  the  survival  of  skin 
allografts  is  prolonged  in  patients  who  have  severe 
burns  and  that  the  length  of  graft  survival  is  directly 
related  to  the  severity  of  the  bums  i2 1 ).  Ly  mphoid  cells 
obtained  from  rats  subjected  to  burns  or  surgical  in¬ 
jury  are  unable  to  manifest  graft-vs.-host  reactions  in 
recipient  rats  differing  at  a  minor  histocompatibility 
locus  (22).  The  incidence  of  tumor  take  (23.  24'  and 
spontaneous  metastaxos  (25)  is  increased  when  tumor- 
injected  animals  are  subjected  to  surgical  operations. 
The  number  of  T  lymphocytes  is  significantly  de¬ 
creased  after  burns  as  measured  by  rosette  formation 
with  sheep  erythrocytes  t2b).  Blast  transformation  in 
response  to  PHA  is  impaired  in  lymphocy  tes  obtained 
from  postoperative  patients  as  compared  to  those  har¬ 
vested  before  operation  (27).  Although  lymphocytes 
from  burned  patients  reportedly  have  an  increased 
PHA  responsiveness  (28).  both  stimulating  and  re¬ 
sponding  capability  are  lessened  when  these  lympho¬ 
cytes  are  tested  in  MLC  (2!)).  Tumor-bearing  mice 
previously  subjected  to  bums  failed  to  produce  cyto¬ 
lytic  effector  colls  capable  of  destroy  ing  specific  tumor 
targets  (30).  In  summary  ,  these  studies  indicate  that 
cellular  immune  responses  are  adversely  affected  by 
traumatic  or  thermal  injury. 

Kvidence  presented  in  this  report  adds  further 
weight  to  this  concept  since  we  have  clearly  demon¬ 
strated  that  splenoevtes  harvested  from  mice  that  had 
been  surgically  traumatized  showed  a  significantly 
lessened  capacity  to  proliferate  and  to  generate  CL  in 
response  to  alloantigens  as  compared  to  splenoevtes 
harvested  from  normal  mice.  This  immunoincom- 
petency  could  be  detected  as  soon  as  2  h  after  trauma 
and  persisted  for  fi  d.  It  was  fully  reversed  when 
adherent  and  phagocytic  cells  were  removed  from  the 
splenoevtes.  This  finding  in  conjunction  with  the  fact 
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that  the  restoration  of  adherent  cells  resulted  in  the 
return  of  suppression  suggested  that  tnaerophages 
were  responsible  tor  the  decreased  immunologic  ro- 
aetiv its  seen  in  the  traumatized  animals.  Furthermore, 
addition  of  splenoeytes  and  PFO  from  traumatized 
mice  suppressed  the  response  of  lymphocytes  from 
normal  mice  to  alloantigens.  indicating  further  that 
suppressor  cells  were  generated  in  mice  after  surgical 
trauma.  The  decreased  (If.  induction  in  traumatized 
mice  was  not  simply  due  tn  the  effect  of  anesthesia 
since  the  c>  totosieity  ol  splenoeytes  from  mice  that  had 
been  subjected  to  anesthesia  with  ether  without 
amputation  was  not  decreased. 

Suppressive  aclii  its  a  a.s .  omplctcb.  abrogated  when 
f  ;.\  cells  were  removed  from  the  splenoeytes  of  trau¬ 
matized  mice.  The  ( i.\  cells  were  esterase-positive  and 
were  shown  to  be  highly  suppressive.  In  contrast,  both 
C;\A  and  CIA  cells  from  nonnal  mice  were  inactive.  Spleen 
cells  from  traumatized  mice  retained  by  nylon  wool  w  ere 
active  in  inhibiting  normal  lymphocytes  from  respond¬ 
ing  to  alloantigens.  whereas  nylon  wool  nonadhereut 
cells  were  not.  Finally,  treatment  with  auti-Thy  1.2 
and  anti-lg  sera  in  the  presence  of  (I  had  no  signifi¬ 


cant  effect  on  the  activity  of  the  suppressor  cells. 
Therefore,  we  conclude  that  macrophage-like  cells 
that  are  Thy  1  2-negativc.  lg-negativc.  esterase-posi¬ 
tive.  and  capable  of  adhering  to  glass  and  nylon  wool 
were  responsible  for  the  suppression  seen  in  this  studs . 

Although  the  mechanism  by  which  trauma  induces 
immunosuppression  is  not  yet  fully  understood,  sev¬ 
eral  possibilities  have  been  suggested.  <  lurow  n  labora¬ 
tory  <  18).  Munster  et  al.  i2'.  and  Ninneman  et  al.  (31 1 
have  shown  that  serum  obtained  from  patients  after 
major  surgery  or  severe  burns  significantly  inhibited 
the  blast  transformation  of  normal  lymphocy  tes  in  v  itro 
in  response  to  PHA.  We  (18)  and  Constantian  (32. 
33)  reported  that  the  suppressive  factor* s)  in  trauma 
and  burn  serum  was  a  poly  peptide  fraction  with  a  mol 
vvt  <  1 0.000.  We  have  further  shown  that  the  presence 
of  such  low  molecular  weight  suppressive  material  in 
thi'  serum  is  associated  with  clinical  anergy  in  patients 
after  major  surgery  ( 18). 

Suppressor  cells  may  also  be  responsible  lor  the 
immutindcfieicney  caused  by  trauma  as  suggested  by 
Munster  in  197b  (34).  However,  direct  evidence  to 
support  this  hy  pothesis  was  not  av  ailable  until  a  recent 
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stink  111  \  hull  Millet  .iiul  liakcr  i<S>  uric  aide  to 
at  ml  i  sli  tnnmal  liumati  \1  IX-  reactions  hv  acidiim  Ivm- 
jdn  ml  cells  tiofn  so\  orris  burned  patients,  The  present 
hmhims  also  indicate  that  suppressor  cells  were  in  lame 
tneasinr  tespoiisihle  for  *he  suppression  of  cellular 
ummmitv  seen  iti  sumieal!>  traumatized  animals.  l!nvv- 
e\ei.  the  suppressor  eelk  in  our  s\  stein  appeareil  to 

he  muctophaurs. 

I'heie  is  a  thrown m  hock  of  c\  klence  MiCUestimi 
that  uiaei'oph.uies  as  well  as  (\iuphoe\tes  mas  act  .is 
siippressoi  cells  IViklUs  and  Makinodan  < ->•*>!  reported 
that  pioductiou  of  humoral  antihods  h>  Is  uiphoc  \  tes 
was  decieasetl  h\  the  presence  of  macrophages. 
Paj khi lihc  and  Dutton  <  >0-  inhibited  Ismphooste  pro* 
(deration  in  response  to  antigens  and  mitoi'eus  hv 
adding  maerophaiies  to  the  cultures.  \  similar  sup¬ 
pressive  effect  hv  m.urophaUes  was  demonstrated 
hs  Krinhach  et  al  ■  >7'  III  MIC  kllchticl  et  al.  <  vS» 
observed  that  macrophages  obtained  from  spleens  of 
mice  hearing  tumors  induced  hs  Molones  s  suns  in* 
lllhlted  the  1  )\  \  s\  uthesis  of  svmimieie  normal 
Ismphocstes  m  tcspoiise  to  1*11  V  I  hell  ohsersation 
was  later  confirmed  h\  Veit  and  1‘Ttdman  •  >‘k  and 
K I  licit  and  Farrar  >  K  >  ’•  m  various  tuinni  host  sv  stems. 
\ntuien  specific  prof  ife  rat  is  e  responses  of  Is  mpfioes  tes 
from  patients  with  c*  ionic  si  histosouuasis  were  sup¬ 
pressed  and  this  was  due  to  the  presence  of  suppressor 
inonocvtes  in  these  patients  i  If.  12  The  depression 
of  1‘H  Vmduced  blast  transformation  in  Isinphot  vtes 
from  patients  with  .chanced  /nahunancs  was  aiiam 
pailialiv  accounted  foi  h\  the  presence  of  suppressive 
luoiiocv  tes  as  i<  ‘ported  hv  /.cm  ha  la  et  al  I  v.  ( ioodw  in 
et  al  If.  and  f,)u.m  and  Hurtm  l”>  Although  macio- 
pH  aiies  have*  heeu  lnm»  known  to  turn  turn  as  accessory 
cells  potenfiatmii  various  reactivities  of  h  mphot  v  tes. 
results  from  tile  preset  it  stuck  md  thmi  these  men- 
tioued  above  tmlhei  slimiest  that  mac  lophaiies  111.1v 
plav  an  opposite*  and  ei  pial k  important  lole  m  mmmno- 
loiiie  regulation 
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